Purpose: This study aimed to investigate the characteristics of colonic neuroendocrine neoplasms (NENs) and to validate the prognostic value of the European Neuroendocrine Tumor Society (ENETS) and American Joint Committee on Cancer (AJCC) 8th staging systems. Methods: A total of 167 and 1248 patients with colonic NENs from 12 medical centers across China and from the Surveillance, Epidemiology, and End Results (SEER)
| 1 | INTRODUCTION
Neuroendocrine neoplasms (NENs) are rare neoplasms with great heterogeneity that originate from peptidergic neurons and neuroendocrine cells throughout the body. According to the embryonic origin of the site of tumor onset, NENs are classified as foregut, midgut or hindgut NENs. The foregut includes the digestive tract from the oropharynx to the upper duodenum, liver, gallbladder, pancreas and the respiratory system below the throat; the midgut includes the middle part of the duodenum to the right two-thirds of the transverse colon; and the hindgut begins at the left one-third of the transverse colon and goes to the upper anal canal. 1 In addition, according to tumor differentiation, NENs include well or moderately differentiated neuroendocrine tumor (NET), poorly differentiated neuroendocrine carcinoma (NEC) and mixed adeno-neuroendocrine carcinoma (MANEC). The biological behavior of NET is relatively benign compared with NEC/ MANEC. The incidence of NENs has been rising in recent decades. 2, 3 Colonic NENs, as a rare kind of NENs originating from the cecum to the sigmoid colon, account for just 4%-8% of all NENs. [3] [4] [5] [6] [7] [8] Most of the previous studies combined colonic NENs with rectal NENs, and the few studies that focused on colonic NENs had small sample sizes. [9] [10] [11] However, with increasing incidence and detection rates, clinicians noticed significant differences between colonic NENs and rectal NENs. 12 Therefore, it is necessary to investigate them separately. Given the rarity of colonic NENs, a population-based study is urgently needed to provide an overview of the clinicopathological features and survival of this rare subtype of NENs. The primary aim of the current study was to investigate the clinicopathological features of patients with colonic NENs.
In 2007, the European Neuroendocrine Tumor Society (ENETS) first proposed a formal TNM system for colorectal neuroendocrine neoplasms (Appendices), 13 which was then adopted by the American Joint Committee on Cancer (AJCC) for the 7th edition of its staging manual in 2010. 14 The AJCC published the 8th edition of the staging manual in 2016 (Appendices); 15 in this new version, guidelines for colonic NEC/MANEC followed those for colonic adenocarcinoma, while guidelines for well or moderately differentiated colonic NET remained the same as in the ENETS system. However, no studies have compared the prognostic validity of the ENETS and AJCC 8th staging system in colonic NEC/MANEC. Thus, the second aim of the current study was to validate the prognostic value of the ENETS and AJCC 8th staging systems for colonic NENs.
| METHODS

| Patients and data collection
We collected multicentric data from China retrospectively. Clinical data of patients with pathologically confirmed co- Data including age at diagnosis, sex, date of initial diagnosis, embryonic origin of primary tumor, tumor differentiation, tumor size and invasion, nodal status, distant metastasis, ENETS stage, AJCC 8th stage and follow-up data were retrieved from both the Chinese cohort and SEER database. In addition, tumor grade according to the WHO 2010 classification based on Ki-67 index and mitotic count was available in the Chinese cohort. 16 In the SEER cohort, tumor grade was not available, and only tumor differentiation was collected. All data were reviewed and checked independently by Yu Zhang and Luohai Chen.
| Grading and staging classification systems
Tumor grade was determined by the Ki-67 index and mitotic count according to the WHO 2010 classification in the Chinese cohort. The Ki-67 index was detected using MIB-1 antibody and counted in areas with the strongest nuclear labeling. Mitotic count was evaluated at least 50 high power fields (HPFs) (1HPF = 0.2 mm 2 ). When discrepancy between the Ki-67 index and mitotic count occurred, the measurement indicating a higher grade was applied. Three grades were given according to the WHO 2010 classification: Grade 1 (G1, Ki-67 index ≤2% and/or mitotic count <2/10HPF), Grade 2 (G2, Ki-67 index: 3%-20% and/or mitotic count: 2-20/10HPF), Grade 3 (G3, Ki-67index >20% and/or mitotic count >20/10HPF). All pathological sections were reviewed by specified expert pathologists from the included hospitals. Tumor stages were determined according to the ENETS and AJCC 8th staging systems.
| Statistical analysis
SPSS statistical software version 20.0 (SPSS Inc Chicago, IL) was used to analyze the data. Categorical variables (ie, embryonic origin of tumor, tumor invasion, and distant metastasis) were grouped for clinical reasons. Categorical variables were compared using the chi-squared test when the expected values were five or more in at least 80% of the cells and no cell had an expected value of <1, or Fisher's exact test when the data set was too small to meet the sample size assumption of the chi-squared test in 2 × 2 tables. For two groups with continuous variables, the t test was used when each set of data met the normal distribution and the homogeneity of variance; otherwise, the Mann-Whitney U test was used. For multiple groups with continuous variables, one-way analysis of variance (ANOVA) was used when the data met the normal distribution and the homogeneity of variance; otherwise, the Kruskal-Wallis H test was used. The Bonferroni method was used to adjust P values when making pairwise comparisons. Survival time was calculated from the date of initial diagnosis until the date of death or last follow-up. Kaplan-Meier analysis with the log-rank test was performed to analyze diseasespecific survival (DSS). The staging system efficacy for predicting outcome was evaluated by calculating the concordance index (C-index), which ranges from 0.5 to 1.0, with 0.5 indicating a random chance and 1.0 indicating a perfect discrimination ability. Statistical significance was defined as two-sided P < 0.05.
| RESULTS
| Patients' characteristics
In total, 167 and 1248 patients with colonic NENs from the Chinese hospitals and the SEER database were included, 
T A B L E 1 Clinical features of colonic
NENs at baseline
respectively (Table 1) . Many characteristics of patients at baseline were significantly different between the two cohorts. The median age of patients in the Chinese and SEER cohorts was 60 (range, 14-85) and 60 (range, 15-95), respectively, and the proportion of male patients was 59.9% (n = 100) and 48.8% (n = 609) in the two groups, respectively (P = 0.007).
In the Chinese and SEER cohorts, 53.8% (n = 85) and 66.7% (n = 725), respectively, of colonic NENs originated from the midgut (P = 0.001). A total of 74.9% (n = 125) of Chinese patients and 43.6% (n = 267) of patients from the SEER cohort had poorly differentiated NEC/ MANEC (P < 0.001). In addition, tumor size of colonic NENs in Chinese patients and in patients from the SEER cohort were 4.1 and 3.0 cm, respectively (P < 0.001). Lymph node metastasis (LNM) was found in 59.7% (n = 95) of Chinese patients and 55.5% (n = 595) of patients from the SEER cohort. Distant metastasis was found in 43.0% (n = 71) of Chinese patients and 32.0% (n = 391) of patients from the SEER cohort (P = 0.005). In total, 74.4% (n = 119) of Chinese patients and 77.6% (n = 755) of patients from the SEER cohort had stage III/IV disease according to the ENETS staging system. A total of 68.1% (n = 109) of Chinese patients and 80.8% (n = 430) of patients from the SEER cohort had stage III/IV disease according to the AJCC 8th staging system (P = 0.001).
| Comparison of the clinical features of colonic NENs in the midgut and hindgut
Since the biological behavior of colonic adenocarcinoma located in the left-sided colon and the right-sided colon, which originate from the hindgut and midgut, respectively, are significantly distinct, [17] [18] [19] [20] we further compared the clinical features of colonic NENs between the midgut and hindgut (Table 2 ). In the Chinese cohort, 158 out of 167 patients in the cohort were included for analyses, since the tumor origin of nine patients was unknown. Colonic NEC/MANEC was more common in the midgut than in the hindgut (87.1% vs 58.9%, P < 0.001). The median tumor size of colonic NENs in the midgut was significantly larger than that in the hindgut (5.0 vs 3.5 cm, P < 0.001). In addition, tumors with peritoneum or other organ invasion were more common in the midgut than in the hindgut (46.5% vs 14.3%, P < 0.001).
Tumors with LNM were more common in the midgut than in the hindgut (66.7% vs 50.0%, P = 0.038). Patients with stage III/IV disease according to both the ENETS and AJCC 8th staging systems had a significantly larger proportion in the midgut than in the hindgut (86.4% vs 57.1%, P < 0.001; 79.0% vs 52.9%, P = 0.001, respectively). To verify our findings obtained from the Chinese cohort, we further performed analyses in the SEER cohort, and similar results were found ( Table 2) . One thousand and eighty seven out of 1248 patients in the SEER cohort were included for analyses, since the tumor origin of 161 patients was unknown. Patients with tumors in the midgut were much older than patients with tumors in the hindgut (63 vs 56, P < 0.001); the proportion of male patients with tumors in the midgut was lower than in the hindgut (45.7% vs 54.7%, P = 0.005). The percentage with colonic NEC/MANEC in the midgut was also significantly higher than that in the hindgut. The median tumor size was significantly larger, and tumors with peritoneum or other organ invasion were also more common in the midgut than in the hindgut. Furthermore, tumors with LNM, distant metastasis and stage III/IV disease according to both the ENETS and AJCC 8th staging systems were also more common in the midgut than in the hindgut.
| Survival of patients and prognostic validity of the ENETS and AJCC 8th staging systems
The ENETS and AJCC 8th staging systems shared the same guidelines for well/moderately differentiated colonic NET, and the TNM stage of patients with colonic NET according to the two systems is shown in Table 3 . For the 42 Chinese patients with colonic NET, the median follow-up time was 2.62 years (range, 0.02-8.54 years), and the 3-year DSS rates were 92.9%, 75.0%, 100%, and 66.7%, for stages I-IV, respectively ( Figure 1A ).Survival comparisons were statistically significant when comparing stages (P = 0.024), and the Cindex was 0.853 (95% CI, 0.722-0.984). For the 345 patients with colonic NET in the SEER cohort, the median follow-up time was 2.67 years (range, 0.08-14.0 years), and the 3-year DSS rates were 100%,100%, 85.5%, and 65.5%, for stages I-IV, respectively ( Figure 1B) . Survival comparisons were also statistically significant when comparing stages (P < 0.001); the C-index was 0.722 (95% CI, 0.666-0.778).
Since the guidelines for poorly differentiated colonic NEC/MANEC in the ENETS and AJCC 8th staging systems were different, a TNM stage was assigned to each patient with colonic NEC/MANEC according to each system ( Table 4 ). In Chinese patients, 125 patients had colonic NEC/ MANEC, whose median follow-up time was 0.98 years (range, 0.04-8.97 years). The 1-year DSS rates for stages I-IV according to the ENETS criteria and the AJCC 8th criteria were 100%, 90.0%, 82.8% and 53.9% and 50.0%, 94.1%, 78.1%, and 53.9% respectively. According to both classifications, the survival comparisons were statistically significant when comparing stages (P < 0.001; Figure 2A ,B). We further compared the predictive ability of the two staging systems by calculating the C-index. The results showed that the AJCC staging system (0.673; 95% CI, 0.607-0.739) had parallel prognostic efficacy to that of the ENETS system (0.660; 95% CI, 0.591-0.729; P = 0.278). We further performed analyses for validation in the SEER cohort, and similar results were found. A total of 267 patients had colonic NEC/MANEC in the SEER cohort, and the median follow-up time was 0.71 years (range, 0.08-13.33 years). The 1-year DSS rates for stages I-IV according to the ENETS criteria and the AJCC 8th criteria were 0, 100%, 66.6%, and 25.7% and 66.7%, 95.7%, 62.8%, and 25.7% respectively. Based on both classifications, the survival comparisons were statistically significant when comparing stages (P < 0.001, Figure 2C,D) . The AJCC 8th system (0.670; 95% CI, 0.632-0.708) did not show significantly better prognostic efficacy than the ENETS system (0.665; 95% CI, 0.627-0.703; P = 0.063).
| DISCUSSION
In the current study, we collected and analyzed the clinicopathological features of 167 colonic NENs from Chinese multicentric data and we also included 1248 patients from the SEER database for validation. Patients' characteristics at baseline in the SEER cohort were significantly different from those of the Chinese cohort, which may be related to different races, diets and lifestyles. However, the clinical features of colonic NENs in the midgut and hindgut, and comparison of the prognostic efficacy of the ENETS and AJCC 8th staging systems were similar in the two cohorts, which may partly reflect the reliability of the results in the current study.
In colonic adenocarcinoma, an increasing number of studies have shown that tumors located in the left-sided colon and the right-sided colon, which originate from the hindgut and midgut, respectively, share different molecular features, characteristics, and prognoses as well as different responses to certain kinds of therapy, such as chemotherapy and EGFR antibody therapy. [17] [18] [19] [20] However, a comparison of colonic NENs originating from the midgut and hindgut has not been reported. 12, 21 Our study was the first to suggest that the two sites of colonic NENs were indeed different. One of the most distinct differences was that NEC/MANEC was much more common in colonic NENs in the midgut than in those in the hindgut. The current study showed that colonic NENs with different embryonic origins shared distinct pathological features, which reflected the high heterogeneity of NENs and may be related to various genetic and molecular alterations in different embryonic origins, which may result in a different response to certain drugs; this needs to be further studied in the future. The only difference between the ENETS and AJCC 8th staging systems is the principles applied for colonic NEC/ MANEC. In the ENETS staging system, the guidelines used for colonic NEC/MANEC are the same as those used for colonic NET, while in the AJCC 8th staging system, colonic NEC/MANEC is staged according to the principles used for colonic adenocarcinoma. Unlike the ENETS staging system, the AJCC 8th staging system only incorporates tumor invasion depth but not tumor size in the T definitions and classifies T2N0M0 as stage I and T4N0M0 as stage II (Appendices). However, our results showed that this modification did not improve the prognostic ability of the AJCC 8th staging system compared with the ENETS staging system with statistical significance in neither the SEER nor the Chinese cohorts. In view of the highly malignant biological behavior of colonic NEC/MANEC and the current low early tumor detection rate, more than 80% of patients with colonic NEC/MANEC were diagnosed with lymph nodes and distant metastases at the first visit, so a small proportion of patients had stage I/II disease according to both the ENETS and AJCC 8th criteria in SEER and Chinese cohorts. In addition, the P value of comparing the C-index between the ENETS and AJCC 8th criteria in the SEER cohort was 0.063, which was close to the arbitrary cut off of 0.05. Thus, we should be cautious about drawing conclusions, and the early tumor detection rate should be improved while further investigating the performance of the staging systems. A staging system for colonic NENs based on the SEER database proposed by 0  17  15  9  8  7  6  75  43  25  21  16  13  128  29  11 Time (years) Landry et al was shown to have similar prognostic performance to the ENETS and AJCC 7th staging systems in colonic NENs. 22, 23 However, this SEER-based system defines the T stage in a much more complicated and less practical way compared with the ENETS and AJCC staging systems: while the SEER-based system incorporates tumor size at each level of tumor invasion, the ENETS and AJCC 7th staging systems incorporate size only for T1 and T2, and the AJCC 8th system only incorporates tumor invasion for T definition. Therefore, the SEER-based staging system has been less applied in clinical practice, and we did not incorporate this staging system for analyses in the current study.
As an uncommon kind of tumor, it is challenging to gather large numbers of patients with sufficient clinical data, and there were several limitations in our study. First, our study was a retrospective but not prospective study. However, we included 167 Chinese patients with colonic NENs from twelve hospitals in the current study, which is the largest series from Asia. We also included a large sample of patients with colonic NENs from the SEER database for validation. Second, the numbers of patients with well/moderately differentiated colonic NET in the Chinese cohort and of patients with colonic NEC/MANEC with stages I/II in both cohorts were small. Thus, the observed lack of proper interstage discriminatory power may represent type II errors. Hence, more studies are needed to verify our results. Finally, in the Chinese patients with colonic NEC/MANEC, the exact N stage could not be determined for all node positive patients with regard to the AJCC 8th staging system, and in both cohorts, the exact M stage could not be determined for all patients with distant metastasis according to the AJCC 8th staging system. Thus, we were unable to compare the prognostic efficacy of the two staging systems more specifically and accurately in the current study.
| CONCLUSIONS
Our study showed that tumors originating from the midgut and the hindgut shared different clinicopathological features. The AJCC 8th staging system and the ENETS system appeared to have similar prognostic ability for colonic NEC/ MANEC. T1a  N0  M0  I  T1, T2  N0  M0   IB  T1b  N0  M0  IIA  T3  N0  M0   IIA  T2  N0  M0  IIB  T4a  N0  M0   IIB  T3  N0  M0  IIC  T4b  N0  M0   IIIA  T4  N0  M0  IIIA  T1-T2 
